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INTRODUCTION 
Most of the Jarge variety of non-destructive methods and their associated measurement instruments 
for flow, multilayer and crack detection are based on two physical principles: eddy-current monitoring and 
ultrasonic pulse- echo measurement. Application of the ftrst one is limited by low spatial resolution and is 
useful for the study of magnetic metal samples. A weH developed ultrasonic pulse-echo detection technique is 
free of such limitations, and can be used for quality control and material testing. Almostall commercially 
available ultrasonic NDT devices work at ultrasonic frequencies of 0.1 to 20 MHz and thus have spatial 
resolutions worse than 0.3-0.5 mm. Only simple evaluations of pulse-echo characteristics are usually made, 
such as determinations of transit time and maximum echo amplitude. As a result, ultrasonic inspection is 
used only to determine whether or not a test piece is free of discontinuities, and for thickness measurements. 
The goal of our study is to develop an ultrasonic method and a device based on the acoustic-
microscope principle at high frequencies (up to 50 MHz) and high resolution ( to 0.05 mm) through A - and 
B - scan presentations for imaging and measurements of deep internallayers in highly absorbed layered 
polymer systems. Here we present the results of an investigation of the structure, properlies and geometrical 
parameters of the highly absorbed multilayered polymer media using ultra-shortpulse scanning acoustic 
microscopy (SAM) methods [1, 2]. Wehave investigated reflections of a short convergent ultrasonic pulse 
from intemallayers with distributed interfaces, taking into account distortions of the signal shape caused by 
the frequency dependence of ultrasonic attenuation while the pulse is propagating in the thick outer Iayers. 
The possibility of successful visualization of intemallayers with adhesion and glue micro-layers is 
demonstrated. Special digital processing algorithms applied to recorded signals provide a precise thickness 
measurement of each layer in the thin- Iayer system of the polymer compositions. 
MA1ERIALS AND METHODS 
Materials 
An opaque layered plastic composite with a system of deep intemallayers was investigated. 
Typical walls are composed of ftve different polymer layers (see Figure 1). 
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Layer l(inside) 2 3 
Material HDPE Adhesive Barrier 
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where: v = uhrasonie velocity, 6t = time 
between boundacy, L = layers tbicl.:ncs 
(Detail in Figurc 3.) 
Figure 1. Cross-section of multilayer plastic and calculations of the layer thickness. 
Here high-density polyethylene (HDPE) is the bottom layer, another 1-IDPE with a black pigment 
(and strongly acoustically absorbing) filler, is the upper layer, ethylene vinyl alcohol copolymer resins 
(EVON) constitute a barrier layer, and polyethylene-based ADMER resins form a glue or adhesive layer at 
both sides of the barrier EVON layer. One of the difficulties associated with the study of this object is the very 
high absorption of the most of the layers (Table 1). Thus, when the acoustic signal reaches the deep interior 
region with intemallayers, then considering the high absorption of the ultrasound in that material, the 
received reflected signal will be extremely small. Another problern is that some of the internallayers of the 
object bad poorly delineated interfaces, so that either in optical cross-section images or in acoustical images 
the interface region gave little contrast. Consequently, it was necessary to solve the problern of receiving and 
'recognizing very low-intensity signals, which after passing through highly absorbing media, reflected from 
diffuse interfaces between deep layers. 
Methods 
Conventional ultrasonic methods can not be used to characterize this material non-destructively, 
because they could not provide a clear value for the thickness of the barrier and both glue layers, and they 
could not indicate any defects in this area due to the thick and highly absorbing properlies of the multilayer 
structure and the largely diffuse interface between the deep layers. 
The ultra-short ultrasonic pulse method is designed mainly for in-depth examinations of materials 
[2-4]. The input signal is a single narrow pulse and the returning signal is generally a succession of the 
echoes. The remaining part of the input signal, after part of it is reflected back from the sample surface, 
propagates through the specimen until it interacts with interfaces in the interior that reflect the signal and 
create following echoes. These echoes reach the transducer after a time delay that depends on the ultrasound 
velocity averaged over the path of the pulse for the particular regions of the sample defected (especially in 
the case of myltilayer system) and their depth. The amplitudes of the reflected and transmitted waves are 
functions of the acoustic properlies of the material at each scanning point. Echo reflections can arise from 
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different kinds of discontinuity in the local acoustical properties, such as interfaces at layers, diffusion 
barriers, phase boundaries, sharp cut -offs or from various defects, such as delaminations, voids, inclusions 
and cracks. The pulse method also uses an adjustable time-delay gate that is used to select chosen echo 
signals since the retuming acoustic signal varies with the depth of penetration of the input signal. Thus, the 
delay gates are usually used to study reflected signals from a particular depth in the sarnple. In any concrete 
case the pulse method requires an understanding of the acoustical properties of media under investigation as 
weil as of the necessary resolution of additional interior details. The frequency of ultrasound should be 
selected according to the given type of sarnple and the purpose of the investigation, with a comprornise being 
made between the resolving power and the degree ofpenetration [I, 7, 8]. The depth of penetration of 
acoustic waves into a material is inversely proportional to the density and acoustic velocity of the material. 
EXPERIMENT AL 
Tbe ultra-short-pulse reflection ultrasonic device was employed for studying the rnicro-structure of 
deep intemallayers and for measuring the layer thickness in polymer compositions with thin intemallayers 
(100- 300 rnicron thick) between two thick envelopes (a few millimeters thick). Forthis particular study we 
developed an ultrasonic thickness meter, which includes a wide-range piezotransducer, a precision scanner, a 
fast PC with software and with an additional electronic control card plus control software for the scanning. 
Experiments were carried out with short prohing pulses (pulse length was I-3 oscillations at 
frequencies of I5 and 35MHz) and delay times rauging from 20 to 80 nsec. Thesepulsesare partially 
reflected back to the device whenever a material boundary is encountered. The received signal is stored in t11e 
PC memory where special computer software recognizes and separates the pulses reflected from barrier and 
glue interfaces. The ADC under software control performs analog-to-digital conversion of the retumed signal 
at an equivalent rate of approximately 3-4 nanoseconds per point. The device controller is based on a fixed-
point digital signal processor which provides appropriate control for all device circuits and performs pre-
processing timt is used to boost the signal to nose ratio. A mechanical scanner provides une-dimensional 
movement of the acoustic sensor for B-scan representation of the specimen intemal structure. We use a 
precise scanner with scanning distance I 0 mm and maximum mean scanning velocity of 2 mm/sec with a 
precision of 0.05 mm. The PC collects the data and detects the material interface. It also constructs t11e A-
scan and B-scan images (see Figures I and 3). 
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Figure 2. Principal schematic blockdiagram of electronics for ultrasonic portable thickness meter. 
Figure 3. The A scan obtained by acoustic microscopy (frequency 25 MHz) contains a full set of signals 
(from surface to bottom) in the scale. The signal set can be interpreted as follows: a - signal reflected from 
the front surface; b - signal reflected from the interface between the first thick layer and glue; c - signal 
reflected from the interface between the glue and the barrier; d - signal reflected from the interface between 
the barrier and the glue; e - signal from the interface between the glue and the thick layer; f - signal reflected 
from the bottom surface. 
It also stores the device tuning parameters for system initialization. During experiments, the acoustic 
probe assembly must contain imrnersion liquid to provide a continuous medium for ultrasound penetration 
into the object under investigation. In our device we have a liquid proofthin rubber membrane that prevents 
liquid penetration into the device and keeps it inside the assembly. From other side, the space between t11e 
rubber membrane and the sample surface has to contain a quantity of immersion media because a dry rubber-
plastic interface will produce a !arge ultrasound reflection. 
11Je characteristic features of layered polymer compositions are a finite width of the transition zone 
between layers caused by its diffuse nature (Figure 4) and substantial ultrasonic attenuation and velocities in 
outer layers. 
One of the key objectives of this study is to make accurate measurements of multilayer structures of 
complex bonded plastics. The best results of this investigations may be realized by acoustic microscopy 
methods using wide-band pulse signals, ones that have the best time-resolved portability. Currently, most 
well-known methods of thickness and auenuation estimation are based on delay-time and amplitude 
rneasurements of tbe demodulated reflected pulses. By processing the fully digitized signal wave form we can 
increase measurement accuracy and investigate the frequency dependence of attenuation. However, special 
rnethods of digital processing are required if retum signals are greatly overlapped or transformed. This can 
occur when the thickness of Iayers is about a wavelength and the depth of their location is too deep for the 
high-frequency probe. Another reason for similar signal distortion is a smooth change of the acoustic 
irnpedance across layered structures witb diffuse boundaries. 
Figure 4 . Microstructure of the cross-section of a multilayered polymer. The interface between the polymer 
(HDPE) and glue has a diffuse interface zone, but the interface between the barrier layer and t11e two glue 
layers has a finite thickness. 
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We are now developing algorithms of digital signal processing based on the estimation of non-linear 
pararneters. This method permits to us separate the pulse responses reflected from each of the non-
homogeneous area and, therefore, measure their time delay and arnplitude. To solve the problems 
repeatability and reliability of the estimation results, we plan to carry out research to determine the stability of 
the method as a function of the distance between the sarnple and the Jens, or sarnple tilting with respect to the 
acoustic axis, and on the Jens focus and aperture. 
RESULTS AND DISCUSSION 
In our case we have a five-layer plastic system of homogeneous and viscous-elastic material 
(Figurel).lf the interface between each Iayer is perfect, then under any deformation, the displacement and 
stress are continuous across them. Following the theory developed for such materials by A. Mal [9], the 
thickness of the interface zone can be ignored and its effect is represented by a discontinuous displacement 
field across the interface of layers with different acoustical properties (see Table 1). The stress vector 
components are supposed tobe proportional to the discontinuities in the displacement components [10], and 
the two proportionality constants can be used as strength pararneters for the interface. 
Each layer can be characterized by its density, its ultrasonic longitudinal and transferveloeitles (see, 
Figure 4), and some dimensionless quality pararneters for both types of acoustic waves. The phase velocity of 
the guided waves in that medium will be denoted by the velocity and by the wave number k, and both of 
which are, in general, frequency dependent. One of the major objectives in such a study is to determine both 
the velocity and the k number for given properties of the layered medium. lt is also of interest to determine 
the nature of the particle motion associated these waves. Both of these objectives can be achieved by 
considering two-dimensional in-plane waves. 
In our experiments, a specific problern is created by the diffuse type of deep interface zone on each 
side of the barrier layer (EVON) for both interfaces between he glue (ADMER) and HDPE layers. Using the 
designed ponable ultrasonic thickness meter of our owndesign (see, Figure 5), we investigated various types 
of such materials, including various convex and flat sarnples. Here, Figure 6 represents the image if the 
intemallayers are 100-300 micron thickness each, in the case of the sarnple with curved surface. Our method 
demonstrates sufficient reasonable results to the study of sarnples with non-flat surfaces, especially in the case 
where the radius of curvature is much !arger than a wave length. One of the results of ultrasonic NDE of the 
various defects in deep Jayers, with diffuse interface zones between them is represented on Figure 6. This 
figure contains the optical (destructive cross-section) and acoustical (NDE) images of the sarne fragment of 
the local bubble defect in the barrier layer of the specimen. 
Figure 5. Portable ultrasonic thickness meter. 
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A B 
Figure 6. A - optical micrograph of the cross section of the polished multilayer sample, showing the gas 
bubble defect inside the barrier layer; B - acoustic nondestructive micrograph of the same area with t11e same 
defect (ultrasonic frequency 18 MHz). 
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